The species of E. spinidens, E. marschalliana, E. bungei, E. buhsei and E. szovitsii showed 2nϭ2xϭ20 while E. orientalis had 2nϭ2xϭ18 and E. helioscopia showed 2nϭ4xϭ42. The chromosome numbers obtained for E. szovitsii and E. helioscopia support the earlier reports, while the chromosome number of E. spinidens, E. marschalliana, E. bungei and E. buhsei are new to science. ANOVA and LSD tests revealed a significant difference for the size of the chromosomes, indicating the role of quantitative genomic changes in the Euphorbia species diversification. Euphorbia species differ in their karyotype formulae indicating the occurrence of structural changes in their chromosomes supported by meiotic chromosome pairing as quadrivalents were formed in diploid species due to heterozygote translocations. The occurrence of unreduced pollen grains was observed in the species showing tripolar cell formation.
Euphorbiaceae sensu lato (s. l.) is a diverse, economically important, pan-tropical family of ca. 340 genera (including 8000-9000 species). Controversy exists about circumscription, classification, and affinities of the group (Webster 1987) . Webster (1975 Webster ( , 1994a described the current sensu lato circumscription of the family while Radcliffe-Smith (2001) developed the infra-familial classification of it.
The genus Euphorbia contains about 2100 species and is considered to be the second-largest genus of angiosperms, including annual herbs, large trees, semi-succulent "pencil plants," and an extensive array of cacti form, caudici-form, and geophytic xerophytes. Natural hybridization is infrequent in Euphorbia. With more than 2100 published species (Oudejans 1990) reduced to 1836 accepted species (Govaerts et al. 2000) just over 100 hybrids have been described. Some are between highly plastic species (e.g. in E. subg. Esula sect. Esula) and often actually correspond to simple forms of non-hybridogenous nature.
The base chromosome number of the family varies from xϭ6-18 and both polyploidy and aneuploidy have played role in the species diversification (Hans 1973) . The chromosome number of the species in the genus Euphorbia varies from 2nϭ14, through 16, 18, 20, 22, 24, 28, 32, 36, 40, 50, 60 to 2nϭ120. The species studied show various polyploidy levels ranging from diploid, tetraploid, hexaploid to octaploid (Hans 1973 , Hassall 1976 , Sarkar and Datta 1979 , Kothari et al. 1980 , Bedi et al. 1981b , Kothari et al. 1981a , Strid and Franzen 1981 , Dmitrieva and Parfenov 1983 , Franzen and Gustavsson 1983 , Bedi et al. 1985 , Seidenbinder and Verlaque 1985 , SchulzSchaeffer and Gerhardt 1989 , Vicens et al. 1991 , Benedi and Blanché 1992 , Vogt and Oberprieler 1994 , Dalgaard 1985 , Stahevitch et al. 1988 , Yan-Hong et al. 1999 . In spite of extensive cytological studies performed on Euphorbia from different parts of the world, similar studies are almost entirely lacking from Iran. Therefore the present study considers karyotype and meiotic analysis of 7 Euphorbia species growing in Iran for the first time.
Materials and methods
Cytological studies were performed on 7 Euphorbia species growing in For karyotype study, freshly grown root tips were collected from the germinated seed of at least 10 randomly selected plants in each species, pretreated with 0.002 mol 8-hydroxyquinolin (2-2.5 h) and fixed in ethanol: acetic acid (3 : 1) for 24 h. Squash technique was used for cytological studies with 2% aqueous aceo-orcein as the stain. The somatic chromosome number and karyotype details were studied in at least 5 well-prepared metaphase plates. The chromosomes were photographed by digital camera and measured by Image Tools3 software (Sheidai and Rashid 2007) .
The chromosomes were identified according to Levan et al. (1964) , karyotype symmetry was determined according to Stebbins (1971) , while other karyotype parameters like haploid total chromosome length (Total sum of the size of the chromosomes by using only one chromosome from each pair), mean chromosome length (Total haploid chromosome length/number of chromosome pairs), total form percentage (TF%ϭSum of short arms of the chromosomes/Total chromosome length), coefficient of variation (CV) of the chromosome size as well as A1 and A2 indices of Romero-Zarco (1986) were determined (Sheidai and Jalilian 2008) .
Meiotic studies were performed on young flower buds collected from at least 10 randomly selected plants from each species and population. Minimum 100 metaphase/diakinesis pollen mother cells (PMCs) and 500 anaphase and telophase cells were analysed for data collection (Sheidai and Rashid 2007) . Pollen stainablity as a measure of fertility was determined by staining minimum 1000 pollen grains with 2% acetocarmine: 50% glycerin (1 : 1) for about 1/2 h. Round complete pollens which were stained were taken as fertile, while incomplete, shrunken pollens with no stain were considered as infertile (Sheidai and Rashid 2007) .
Results and discussion
Details of karyotype analyses in the Euphorbia species studied are presented in Table 1 , Figs. 1 (A-D) and 2. The species of E. spinidens, E. marschalliana, E. bungei, E. buhsei and E. szovitsii showed 2nϭ2xϭ20 while, E. orientalis had 2nϭ2xϭ18 and E. helioscopia showed 2nϭ4xϭ42. The chromosome numbers obtained for E. szovitsii and E. helioscopia support the earlier reports (Strid and Andersson 1985 , Vicens et al. 1991 , Pavone et al. 1981 , while the chromosome number of E. spinidens, E. marschalliana, E. bungei and E. buhsei are new to science.
Polyploidy and aneuploidy is of wide occurrence in Euphorbia, there are species with different chromosome numbers for example E. piscatorial shows 2nϭ20 and 40 (Dalgaard 1985) , E. platyphyllos has 2nϭ28 and 30 (Kuzmanov et al. 1992 ), E. prostrata shows 2nϭ20 and 18 (Trivedi et al. 1983 ), E. pterococca shows 2nϭ10, 20 and 16 (Romano et al. 1991) , while E. pulcherrima has 2nϭ28 and 44 (Sarkar and Datta 1979) .
The chromosomes were mostly metacentric (M and m) and sub-metacentric (sm). Among the species with 2nϭ20, the highest value of total and mean haploid chromosome length occurred in E. marschalliana (31.25 and 3.12 mm respectively) while the lowest values of the same occurred in E. buhsei (17.15 and 1.71 mm respectively).
The highest value of the ratio of longest to shortest chromosome occurred in E. bungei and E. buhsei (2.1), while, the lowest value of the same occurred in E. spinidens (1.54). The highest value of coefficient of variation (CV) (25.80 and 25.50) for the size of chromosomes occurred in E. bungei (26.23) indicating the highest degree of size variation among its chromosomes, while the least CV value (13.95) occurred in E. spinidens.
The ANOVA and LSD tests revealed a significant difference (pϽ0.02) for the total size of the chromosomes, size of the short arms and the long arms among the species and populations studied, indicating the role of quantitative genomic changes in the Euphorbia species diversification.
The Euphorbia species studied also differ in their karyotype formulae, indicating the occurrence of structural changes in their chromosomes ( and 1B classes of Stebbins karyotype symmetry, which are considered relatively primitive in this system. Therefore it seems that the Euphorbia species studied have symmetrical karyotypes. Among the species which have been placed in 1A class, E. orientalis has a higher A1 value (0.37) and therefore has relatively more asymmetrical karyotypes compared to E. spinidens and E. orientalis. Similarly in the species placed in 2B class, E. bungei shows a higher A1 index value (0.28) compared to E. buhsei (0.22) showing the presence of relatively more asymmetrical karyotype. Pearson correlation determined among relative karyotype features (data not given) showed a significant positive correlation between relative total chromosome length and relative size of long and short arms of the chromosomes (pϽ0.05). The ratio of the longest to shortest chromosome of the complement was positively correlated to size of the shortest chromosome (pϽ0.05). TF% was positively correlated to the number of chromosomes, while negatively correlated to mean chromosome size and size of the shortest chromosome (pϽ0.05). These results indicate that mean chromosome length and size of the shortest chromosome is correlated with change in karyotype symmetry i.e. lesser values of mean chromosome length and short chromosome length are related to the species having more symmetrical karyotype (higher TF%) while higher values of mean chromosome length is related with more asymmetric karyotypes (higher A1 values). All these results indicate the role of both quantitative and qualitative changes in the genome during the Euphorbia species diversification.
Meiotic analysis could be performed only in 2 species of E. bungei and E. spinidens both showing 2nϭ20 chromosome number (Fig. 1 ., E-G), supporting karyotype analysis. E. bungei showed a mean value of 2.00 and 25.00 for ring and rod bivalents, while these values were 3.30 and 6.70 in E. spinidens. The mean frequency of total, terminal and intercalary chiasmata was 12.00, 11.45 and 0.60 in E. bungei while these values were 12.67, 0.125 and 12.55 in E. spinidens. Both species formed few univalents and quadrivalents in metaphase of meiosis-I. Since both species are diploid and are expected to form only bivalents, quadrivalents formed ( Fig. 1 ., F and G) may be due to the occurrence of heterozygote translocations between 2 pairs of chromosomes. Quadrivalent formation has been reported in diploid species of E. pulcherima too (Soontornchainaksaeng and Chaiyasut 1999) . The occurrence of heterozygote translocations in Euphorbia may form new genetic linkage groups to be used in species adaptation and diversification.
Sticky chromosomes and tripolar cells were observed in both species (Fig. 1 ., H and I). Large pollen grains (possibly 2n pollen grains) were observed along with smaller (normal) pollen grains in these species (Fig. 1., J) . The presence of giant pollen grains has been used as an indication of the production of 2n pollen (Bretagnolle and Thomson 1995) .
Unreduced gametes are known to produce individuals with higher ploidy level through a process known as sexual polyploidization (Villeux 1985) , and this has been considered as the major route to the formation of naturally occurring polyploids. Different cytological mechanisms are responsible for the production of 2n gametes including anaphase I and II failure, cytomixis, desynapsis, etc. (Bretagnolle and Thomson 1995, Sheidai et al. 2009 ). Detailed cytological study of E. bungei and E. spinidens suggests that anaphase-II failure might be considered as the possible mechanism for unreduced pollen grain formation. To our knowledge this is the first report on the occurrence of unreduced pollen grain formation in Euphorbia. The species studied showed high pollen fertility (Ͼ98%). However, meiotic abnormalities reported may have caused the low level of pollen sterility observed.
B-chromosome (Bs) of 0-1 was observed in E. bungei and E. spinidens. B-chromosomes were round in shape and did not pair with the A-chromosomes (Fig. 1., E) . B-chromosomes are accessory chromosomes occurring in more than 1300 species of plants and almost 500 species of animals (Camacho et al. 2000) . The B-chromosomes when present in high number affect negatively the growth and vigor of the plants; while in low number may benefit the plant possessing them. Bchromosomes may significantly change the chiasma frequency, thereby affecting the genetic changes of the gametes and the next generation as reported in several grass species including Festuca (Jauhar and Crane 1990) , Aegilops (Sheidai et al. 2002) , Avena (Sheidai et al. 2003 ). However we did not have sufficient cells possessing B-chromosomes to analyse statistically the effect of B-chromosomes on chiasma frequency. The presence of B-chromosomes has been reported in E. royleana (Bedi et al. 1981b ) and E. rothiana (Krishnappa and Reshme 1980a) . Therefore, the occurrence of B-chromosomes in E. bungei and E. spinidens is new to science.
